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(54) A seat weight measuring apparatus 

(57) A seat weight measuring apparatus for meas- 
uring the seat weight including the weight of a passen- 
ger sitting on an automotive seat comprises a seat 
connecting menchanisms inducing arms for connecting 
the seat to seat fixing portions. The arms comprise a 
seat side end thereof and a car body side end thereof, 
wherein one end or both ends are pivotal ty supported 
on pivots. Load sensor mechanisms for receiving and 
'detecting the seat weight are applied between the car 
and the seat. Displacement restriction mechanisms 
restrict the displacement of the seat relative to the seat 
fixing portions within a predetermined range, and the 
displacement is mainly caused by a pivotal motion of 
the arms. Because the seat is connected to the car 
body by the seat connecting mechanisms, which 
include pivotaDy supported arms, the displacement of 
the seat relative to the car body when the seat is loaded 
is regulated to some extent Hence, the characteristic of 
the load acting on the load sensors is simplified, facili- 
tating the measurement of the weight of a passenger oh 
the seat. 
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Description 

[0001] The present invention relates to an apparatus 
for measuring a seat weight including a weight of a pas- 
senger sitting on an automotive seat and more specific s 
cally to a seat weight measuring apparatus capable of 
simplifying characteristics of load acting on load sen- 
sors as much as possHe and measiring the seat 
weight with high precision. The invention also relates to 
a seat weight measuring apparatus with advantages 10 
capable of Improving safety when abnormal forces act 
on the seat or to alleviate strength requirements for the 
load sensors. The invention further relates to a seat 
weight measuring apparatus capable of reducing its 
overall thickness, thereby being constructed in a small 15 
size. 

[0002] Automobiles are equipped with seat belts and 
aiffaags to secure safety for passengers. In recent years, 
there is a trend for controlling the operation of such 
safety devices according to the weight of a passenger 20 
for improved performance of seat belts end airbags. For 
example, the amount of gas introduced into the airbag 
or an airbag inflating speed and a pre-tension of the 
seat belt are adjusted according to the weight of a pas^ 
senger. For that purpose, some means are needed tot 25 
measuring the weight of a passenger sitting on the seat 
An example of such means includes a proposed (Japa- 
nese Patent Application No. 9-156666 filed by the appli- 
cant of this invention) which involves arranging load 
sensors (load cells) at four corners under seat rails and so 
summing vertical loads acting on the load cells to deter- 
mine the seat weight including the weight of a passen- 
ger. 

[0003] The load sensors of the seat weight measuring 
apparatus described above are preferably of a small 35 
type with a measuring capacity of up to some 50 kg! 
Such load sensors may include: sensors having a strain 
gauge attached (or formed) on a sensor plate thai 
deflects when it is subjected to a load; piezoelectric sen- 
sors; and electrostatic sensors that detect cfspiacer 40 
merits of an elastic member that deflects upon receiving 
a load. 

[0004] Meanwhile, Japanese Patent Publication No. 
JP-A- 10-297334 discloses a passenger weight detec- 
tion apparatus that calculates a gravity center of a 45 
loaded seat based on seat weights detected from toads 
acting on front and rear parts of the seat and which cor- 
rects the seat weight according to the calculated gravity 
center and then, based on the corrected seat weight, 
estimates the weight of a passenger. so 
[0005] This official gazette, however, was published 
on November 10, 1998 and was not publicly known at a 
time when the application (Japanese Patent Application 
No. 10-121 627) that forms a basis for claiming the prior- 
ity of the present invention was filed on April 16, 1998. 55 
Further, the gazette does not disclose a displacement 
restriction mechanism for the passenger weight detec- 
tion apparatus that restricts a seat displacement relative 



to a seat fixing portion within a specified range. 
[0006] It is an object of the present invention to pro- 
vide a seat weight measuring apparatus having the fol- 
lowing characteristics. 

(1) Simplify characteristics of loads acting on the 
sensors as practically as possible to easily meas- 
ure the weight of a passenger on the seat. 

(2) Improve safety when abnormal force acts on the 
seat. 

(3) Reduce its overall size as well as the machining 
and assembly costs. 

[0007] To achieve these objectives, a seat weight 
measuring apparatus for measuring a seat weight 
including the weight of a passenger sitting on an auto- 
motive seat comprises: seat connecting mechanisms 
including arms for connecting the seat to seat f ixing por- 
tions, the arms having a seat side end thereof and a car 
body side end thereof, one end or both ends ptvotaliy 
supported on pivots; load sensor mechanisms for 
receiving and detecting the seat weight applied 
between the car and the seat; and displacement restric- 
tion mechanisms for restricting <f splacement of the seat 
relative to the seat fixing portions within a predeter- 
mined range the displacement mainly caused by a piv- 
otal motion of the arms. 

[0008] Because the seat is connected to the car body 
by the seat connecting mechanisms, which include pfv- 
otally supported arms, the displacement of the seat rel- 
ative to the car body when the seat is loaded is 
regulated to some extent Hence, the characteristic of 
the load acting on the load sensors is simplified, facili- 
tating the measurement of the weight of a passenger on 
the seat In this case, it is preferred that the load sen- 
sors selectively receive the vertical component of the 
seat weight bearing on the arms. 
[0009] An object of what is referred to as the seat 
weight measuring apparatus in this specification rs basi- 
cally to measure the weight of a passenger on the seat. 
Therefore, an apparatus that measures only the weight 
of a passenger by canceling the weight of the seat itself 
is included in what is called the seat weight measuring 
apparatus in this specification. 
[001 0] In the present invention, the load sensors pref- 
erably receive the seat weight through the arms. In this 
case, the displacement of the seat can be amplified or 
de-amplified by the lever action of the arms as it is trans- 
mitted to the load sensors. The load range of the load 
sensors can be changed by a leverage of the arms, 
making it posstole to reduce the size and weight of the 
load sensors as well as their cost. 
[001 1 ] Further, it is preferred in the invention that one 
set of the load sensors be provided on each lateral side 
of the seat for each of the load sensors to detect a total 
weight bearing on the whole left or right portion of the 
seat. This apparatus thus can reduce the number of 
sensors as well as the number and length of wiring. As 
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an example, the apparatus may employ a construction 
in which the load sensors each include a sensor plate 
for receiving a load and a sensor body for detecting a 
deflection or strain of the sensor plate and in which the 
sensor plate connects central side ends of the arms of 5 
the front and rear seat connecting mechanisms. This 
construction has the advantage of assembling two sen- 
sors into a single sensor and of reducing characteristic 
variations due to temperature and sensitivity variations. 
[0012] It is also preferred in the invention that the dis- 10 
placement of the shaft pins of the pivots relative to the 
car body or seat be restricted by the displacement 
restriction mechanisms. It is also preferable that the 
pivot connecting members such as seat brackets and 
seat rails be provided with means for restricting the is 
deviations of the shaft pins, to reduce the number of 
constitutional components. 

[001 3] When anchor f being portions for the seat belts 
(buckles) are connected to the seat rails or seat the dis- 
placement restriction mechanisms may be provided 20 
only to locations near the anchor fixing portions. Alter- 
natively, the displacement restriction mechanisms may 
be provided to a plurality of locations including those 
near the anchor fixing portions, and only the emplace- 
ment restriction mechanisms near the anchor fixing por- & 
tions may be made robust enough to withstand the 
tensfle force of the seat belts of some 2500 kgf. This 
allows the overall weight of the seat weight measuring 
apparatus to be reduced. 

30 

Fig. 1 is a side view showing a schematic overcill 
construction of a seat weight measuring apparatus 
according to one embodiment of the present inven- 
tion; 

Fig. 2 is side views showing constructions of varia- 35 
tions of the embodiment of a seat weight measuring 
apparatus shown in Fig. 1 ; 
Fig. 3 is side views showing a construction of 
another embodiment of a seat weififit measuring 
apparatus according to the invention; 40 
Fig. 4 is a side view showing a construction of still 
another embodiment of a seat weitfrt measuring 
apparatus according to the invention; 
Fig. 5 is partial side views showing a construction of 
a further embodiment of a seat weight measuring 46 
apparatus according to the invention; 
Fig. 6 is partial side views showing examples Of 
sensor positions in the embodiment of a seat 
weight measuring apparatus of Fig. 5; 
Fig. 7 is a side view showing a construction of a fur- so 
ther embodiment of a seat weight measuring appa- 
ratus according to the invention; 
Fig. 8 is a side view showing a variation of the 
embodiment of a seat weight measuring apparatus 
shown in Fig. 7; ss 
Fig. 9 is an exploded perspective view showing a 
detailed construction of a further embodiment of a 
seat weight measuring apparatus according to the 



invention; 

Fig. 1 0 is a perspective view showing a variation of 
a sensor base; and 

Fig. 11 is a side view showing the embodiment of a 
seat weight measuring apparatus of Fig. 9 assem- 
bled under a seat. 

[0014] With reference to the accompanying drawings 
preferred embodiments of this invention will- be 
described. 

[0015] Fig. 1 is a side view schematically showing the 
overall construction of one embodiment of a seat weight 
measuring apparatus according to the invention. 
[001 6] Throughout this specification, words longitudi- 
nal" and "lateral' refer to longitudinal and lateral direc- 
tions as seen by a passenger 1. respectively. 
[001 7] Shown in the figure are a seat 3, a passenger 

I on the seat and a seat weight measuring apparatus 5 
installed below the seat Hie seat 3 includes a seat 
cushion 3a on which the passenger 1 is seated, and a 
seat back 3b against which the passenger rests his or 
her back Seat adjusters 10 project from the bottom of 
the seat cushion 3a at four locations, front and rear on 
both sides. While only two front and rear adjusters 10 on 
the left side are shown in the figure, the right side 
acjusters 10 are hidden on the far side. Such an iBustra- 
Uve relation also applies to other portions to be 
described below. The seat adjusters 10 are portions of 
the frame that project from the seat 3, capable of being 
slidably adjusted on seat raBs 11 to the longitudinal 
direction of the passenger 1 . 

[0018] The seat rails 1 1 extend longitudinally of a car 
body and have a grooved cross section (not shown), in 
which the lower end portions of the seat adjusters 10 
slide. There are two seat rails 11, one on each lateral 
side, under the seat cushion 3a. In a conventional seat 
with no seat weight measuring apparatus, the seat rails 

II are securely bolted to seat brackets of a chassis of a 
car body. At a rear part of each of the seat rail 11. an 
anchor fixing portion 12 for fixing a buckle 4 of a seat 
belt 2 is provided. The anchor fixing portion 12is loaded 
with a tension of the seat belt 2. The anchor fixing por- 
tion 12 has a breaking load of 2000 Kgf or higher assum- 
ing a case of a car collision. 

[0019] Under the seat rail 11, two sets of front and rear 
seat weight measuring apparatuses 5 are provided in 
the front and rear portion thereof. It should be noticed 
that under the right side seat rail, two sets of front and 
rear seat weight measuring apparatuses 5(not shown) 
are also installed. Conclusively, four seat weight meas- 
uring apparatuses 5 are provided at four locations, front 
portion and rear portion on both sides, below the seat 3. 
[0020] The seat weight measuring apparatus 5 of this 
embodiment includes a seat connecting mechanism 14 
and a load sensor 31, disposed between the seat rail 1 1 
and the seat brackets 21. Two pairs of pin brackets 13 
are projected from an underside of the seat rail 11 at 
front and rear portions thereof. Though not shown, at 
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each of the front and rear portions of one seat rail 11 
two pin brackets 13 are provided, one on each lateral 
side. The pin brackets 13 are formed with a laterally 
piercing pin hole, through which a shaft pin 15 is 
passed. s 
[0021] Also on the seat brackets 21 are erected front 
side pin brackets 33 and rear side pin brackets 23, the 
latter also serving as restriction brackets. Though not 
shown, two brackets 33 or 23 are disposed side by side 
at each location of the front and rear seat brackets 21 . 10 
These pairs of the brackets 33, 23 are each formed with 
a laterally piercing hole, through which a shaft pin 17 is 
passed. 

[0022] The front and rear shaft pins 17, 15 are also 
inserted into front and rear pin holes of arms 16. The 15 
arms 16 pivot about the shaft pins 17, and the front and 
rear arms 16 are equal in length. Hence, the seat rail 1 1 
and the two front and rear arms 1 6 form parallelograms. 
[0023] When a load sensor 31 is in a reference state, 
as descrbed later, the front and rear shaft pins 17, 15 20 
are almost equal in height above a chassis 7. Thus, 
when a load acting on the load sensor 31 changes and 
the sensor 31 is slightly deformed, the displacement of 
the seat rafl 11 with respect to a sensor base 19 is pri- 
marily in the vertical direction only. Therefore, the force 25 
acting on the load sensor 31 turns out to be mainly in 
the vertical direction, thus reducing external distur- 
bances that affect the measurement of the weight of a 
passenger, in other words, the longitudinal and lateral 
components of the load acting on the seat are bojne so 
mainly by the pivots of the arms. 
[0024] A plate-like sensor base 19 bridges the front 
and rear seat brackets 21 to reinforce the seat brackets. 
If the seat brackets are strong enough, there is no need 
to reinforce them with the sensor base. Between the ss 
sensor base 19 and the seat rail 1 1 there are arranged 
two front and rear load sensors (load cells) 31, which 
may be chosen from a wide range of sensors with piate- 
, bar- and sheet-like configurations, including a type 
having a strain gauge attached to a strain plate, a piero- 40 
electric type, an electrostatic capacitance type, a mag- 
netic strain type and a pressure-sensitive resistance 
type. 

[0025] When a passenger 1 is not seated, the front 
load sensor 31 is applied with a load of 0 to 5 kgf and 45 
the. rear sensor with a load of 5 to 10 kgf. When a pas- 
senger weighing 70 Kg is sitting normally (in a reference 
state), the front sensor receives 5-20 kgf and the rear 
sensor 1 0-30 kgf. The measuring range of the load sen- 
sor 31 generally ranges from - 100 kgf (tensile) to +100 so 
kgf and an adjustment should preferably be made so 
that the reading for the reference state falls in a central 
region of the measurement range. 
[0026] Next, a displacement restriction mechanism 
installed between the seat rait 1 1 and the seat brackets ss 
21 will be described. The rear pin bracket 23 that also 
functions as a restriction bracket has its upper part 
extending forwardly upwardly. The upper part of the 



bracket 23 extends to the side of the seat rail 11 and 
also has a slot 23a. The slot 23a, though illustrated con- 
siderably long in the figure, may in practice be a slightly 
loose hole. The slot 23a is shaped in an arc that has a 
rati us equal to a center-to-center distance between the 
shaft pin 15 and the shaft pin 17. The slot 23a receives 
a restriction pin 25 that projects from the side portion of 
the seat rail 1 1. As the arm 16 pivots, the seat rafl 1 1 
linked with the arm moves vertically, causing the restric- 
tion pin 25 to slide in the slot 23a. 
[0027] When the restriction pin 25 abuts against the 
end of the slot 23a, the seat rail 1 1 cannot move further. 
As a result the cfisplacement of the seat rail 1 1 relative 
to the seat bracket 21 is restricted. The displacement 
range is preferably within 2 mm above or below the ref- 
erence state. More preferably, the dsplacement range 
is ±0.7-1 .5 mm. With this size of stroke, the seat weight- 
measuring apparatus can be assembled to the seat and 
the seat fixing portion without trouble with current 
dimensional accuracy of the seat rail and the seat 
bracket. 

[0028] Until the displacement restriction mechanism 
starts to work, the load sensor 31 is subjected to a load 
and therefore deflects. 

[0029] The longitudinal and lateral loads acting on the 
seat 3 wider normal oondition are transmitted from the 
seat rail 11 to the seat bracket 21 through the shaft pins 
15, 17 and the arm 16. Since the displacement restric- 
tion mechanism that restricts the relative displacement 
between the seat and the seat fixing portion is provided 
when a force in excess of a speeded value (e .g. , a force 
exceeding the measurement range) acts on the load 
sensor, the excess load is supported not by the load 
sensor but by the displacement restriction mechanism 
(load limiting mechanism). Thus the breaking load 
requirement to the load sensor 31 can be designed sig- 
nificantly small, realizing reductions in the size and cost 
of the load sensor. 

[0030] In the embodiment of Fig. 1 , the displacement 
restriction mechanism (the restriction pin 25 and the 
restriction bracket 23) is provided at only one location, 
left rear portion of the seat where the anchor fixing por- 
tion 12 for the seat belt is provided. This allows the 
anchor fixing portion 1 2 to bear a large tensile force pro- 
duced by the seat belt 2 that holds the passenger 1 from 
moving forward at time of car collision. 
[0031] Another embodiment win be descrbed hereaf- 
ter. 

[9032] Figs. 2A and 2B show side views describing 
constructions of variations of the embodiment of a seat 
weight measuring apparatus of Fig. 1. 
[0033] In the figure, components with the same refer- 
ence numerals as those in Fig. 1 represent similar com- 
ponents. 

[0034] In the embodiment of Fig. 2 the construction of 
the seat connecting mechanism 14 and the arrange- 
ment of the load sensors 31 are identical to those of the 
embodiment described by Fig. 1 . However, a pin bracket 



4 



7 



EP 0 950 560 A2 



8 



41 at the left rear portion has the same structure as the 
front pin bracket 33 and is not provided either with an 
extended portion extending fbrwardly upwardly or with a 
slot. 

[0035] In the embodiment of Fig. 2, a displacement s 
restriction mechanism is formed at one end portion of 
arms 16*. 16". At rear end portion of the front arm 16', a 
hammer head-shaped restriction portion 16'a is formed. 
The restriction portion 16'a has its upper surface 
opposed to the lower surface of a pedestal 13a of a pin 10 
bracket 13 with a specified clearance therebetween. 
The lower surface of the restriction portion 16'a is 
opposed to the upper surface of a sensor base 19 with 
a specified clearance therebetween. These clearances 
are 1-2 mm in the reference state described above. is 
[0036] In a rear displacement restriction mechanism 
(at the right) in Fig. 2 A, a straight restriction portion 1 6"a 
having no hammer head-shaped portion is formed at 
the rear end portion of an arm 16". Instead, a protrusion 
13b is provided on the underside of the pedestal 13a of 20 
the pin bracket 13 and a raised portion 19a is provided 
on the upper surface of the sensor base 19. 
[0037] The point in which the embodiment of Fig. 2B 
differs from the embodiment of Fig. 2A is that load sen- 
sors 43, 45 are provided between the pin brackets 33, as 
13 and the seat rail 11 or sensor base 19. The arrange- 
ment of Fig. 2B allows the load sensors to be located 
near the front and rear ends of the seat rail, which offers 
an advantage of improved stability of the load sensors 
as a holding mechanism. 30 
[0038] Fig. 3 shows another embodiment of a seat 
weight measuring apparatus according to the invention. 
Fig. 3A represents an overall side view of the apparatus 
and Fig. 3B a side view as seen from the arrow B-B of 
Fig. 3A. 35 
[0039] The main points in which the embodiment of 
the seat weight measuring apparatus of Fig. 3 differs 
from the embodiment of Fig. 2 are as follows. 

(1) The front and rear shaft pins 17 on the sensor 40 
base 19 side are both located relatively to the 
center portion of the sensor base 19, and the front 
and rear shaft pins 15 on the seat rail 11 side are 
both located on the outer portion. That is, the seat 

rail 11 and the front and rear arms 53, 51 do not as 
form a parallelogram link mechanism. However, 
because of elastic deformations of various mem- 
bers and clearances of pin portions, the arms 51, 
53 slightly pivot 

(2) Load sensors 52, 55 are both interposed so 
between the arms 51, 53 and the sensor base 19, 
thus receiving a load bearing on the seat rail 11 
through the arms 51 , 53. Therefore, the arms 51 , 53 
can be designed to extend toward the center por- 
tion of the seat rail 1 1 to increase the displacement 55 
of the front ends of the arms, which offers an 
advantage of alleviating dimensional accuracy 
requirements of the restriction mechanism. 



(3) A front side arm pivoting restriction mechanism 
(at the left in the figure) has a restriction rod 56 with 
a flange-like restriction portion 55a formed at the 
head. The restriction rod 56 is erected on the sen- 
sor base 19 and passes through a restriction hole 
53b formed in a bottom plate 53a of the arm 53. 
There is predetermined clearance between the 
outer circumferential surface of the restriction rod 
55 and the restriction hole 53b 

The arm 53, as with the arm 51 shown in fig. 
3B, comprises a bottom plate and side plates alto- 
gether being U-shaped in it's cross section with an 
open side cfirected upward. The diameter of the 
restriction portion 55a at the head of the restriction 
rod 55 is larger than that of the restriction hole 53b. 
When an upward force acts on the seat raO 11 and 
the arm 53 pivots upward, the upper surface of an 
arm bottom plate 53a abuts against the lower sur- 
face of the restriction portion 55a of the restriction 
rod 55, stopping the pivoting motion of the arm 53 
and therefore the displacement of the seat rail 1 1 
with respect to the seat bracket 21 is restricted. In 
the reference state, there is a clearance of about 1- 
2 mm between the lower surface of the restriction 
portion 55a of the restriction rod 55 and the upper 
surface of the bottom plate 53a of the arm 53. 

(4) The rear arm 51 (at the right in the figure) 
extends long toward the center (extension portion 
51a). The extension portion 51a has a hammer 
head-shaped restriction portion 51 b at the front end 
thereof. The top surface of the restriction portion 
51b is opposed to the underside of the seat rail 1 1 
and the underside of the restriction portion 51b is 
opposed to the upper surface of the sensor base 19 
with specified clearances therebetween. The pivot- 
ing motion of the arm 51 is restricted by the restric- 
tion portion 51 b engaging these opposing surfaces. 

In this example, the distance between the shaft 
pin 17 on the sensor base side and the restriction 
portion 51 b is approximately two times the distance 
between the shaft pin 17 and the load sensor 52. 
Hence, the displacement of the restriction portion 
51b for a given pivoting angle of the arm 51 is mag- 
nified to two times the displacement of the load sen- 
sor 52. This allows a large clearance, which is twice 
the stroke of the load sensor 52 in its load bearing 
range, to be provided between the restriction por- 
tion 51b and the seat rail 1 1 or sensor base 19, thus 
alleviating dimensional and assembly precision 
requirements for components. 

(5) As shown in Fig. 3B, the seat rail 11, the pin 
brackets 13, 33 and the am 51 each have a bottom 
plate and left and right side plates and are U- 
shaped in cross section with the open side directed 
upward. With this construction, these members can 
be easily machined and realize a reduction in 
weight while maintaining necessary stiffness. 
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[0040] Fig. 4 is a side view showing a further embod- 
iment of a seat weight measuring apparatus according 
to the invention. 

[0041] This embodiment has the following features. 

5 

(1) An arm 61 on the rear side (at the right in the fig- 
ure) has an arm extension portion 63 to the center. 
Below a front end portion 63a of the arm extension 
portion 63, a load sensor 67 is disposed with a 
shock absorbing spring 65 interposed therebe- 10 
tween. The arm extension portion 63 magnifies the 
pivotal displacement of the arm 61 and transfers it 

to the shock absorbing spring 65 and the load sen- 
sor 67. The shock absorbing spring 65 is given a 
predetermined preload and interposed between the is 
front end portion 63a of the arm and the sensor 67 
to accommodate 70-99% of the displacement of the 
front end portion 63a. Hence, even when the stroke 
of the sensor 67 in the measuring range is small, an 
effective measurement is possible. This enables a 20 
sensor with a small stroke to be incorporated into 
peripheral members having relatively coarse preci- 
sion. 

(2) A load sensor (sensor plate) 73 on the front side 

(at the left in the figure) has a strain gauge (not zs 
shown) attached to the sensor plate made of a leaf 
spring material The sensor plate 73 extends from 
the lower part of a center-6kJe end of the arm 71 
toward the right in the figure. A center-tide end por- 
tion of the sensor plate 73 is connected to the upper so 
surface of a pedestal 75 raised from the sensor 
base 19. The sensor plate 73 therefore deflects 
convexedfy upward when the seat rail 1 1 is cpplied 
with a downward load and, when the seat raB 11 is 
acted upon by an upward load, deflects convaxedy 35 
downward. These deflections are detected by the 
strain gauge to measure the load. Formed in a 
plate-lite construction, the load sensor has a 
reduced thickness, which in turn reduces the overall 
thickness of the seat weight measuring apparatus, to 

[0042] A front side arm pivoting restriction mechanism 
(at the left in the figure) has a restriction rod 55 with a 
flange-lite restriction portion 55a at its head. The 
restriction rod 55 is erected on the sensor base 19 45 
passing through a restriction hole 77a formed in a 
restriction piece 77 projecting from the front end of an 
arm 71. There is a predetermined clearance between 
the outer circumferential surface of the restriction rod 55 
and the restriction hole 77a. so 
[0043] The main part of the arm 71, as with the arm 
51 shown in Fig. 3B, includes a bottom plate and side 
plates altogether being U-shaped in cross section with 
an open side directed upward. The diameter of the 
restriction portion 55a at the head of the restriction rod ss 
55 is larger than that of the restriction hole 77a. When 
an upward force acts on the seat rail 11 and the arm 71 
piyots upward, the upper surface of the restriction piece 



77 abuts against the lower surface of the restriction por- 
tion 55a of the restriction rod 55, stopping the pivoting 
motion of the arm 71 and therefore the displacement of 
the seat rail 1 1 with respect to the seat bracket 21 is 
restricted. In the reference state, there is a clearance of 
about 1-2 mm between the lower surface of the restric- 
tion portion 55a of the restriction rod 55 and the upper 
surface of the restriction piece 77. 
[0044] Figs. 5A, 5B and 5C are partial side views 
showing the construction of a further embodiment of a 
seat weight measuring apparatus according to the 
invention. 

[0045] The feature of this embodiment is that the arm 
is shaped lite a plate, one end of the arm is pivotally 
supported and the other end is secured to the seat or 
car body. In this construction, the plate-lite arm dis- 
posed horizontally in the reference state, when sub- 
jected to a vertical load, deflects vertically in a certain 
range depending on the elasticity of the arm material. 
The arm, however, does not easily deflect in the longitu- 
dinal or lateral direction. Thus, a displacement restric- 
tion mechanism is obtained which utilizes the deflection 
of the pivotaWe arm. Each seat weight measuring appa- 
ratus requires only one pivot, which simplifies the con- 
struction of the apparatus- 

[0046] Fig. 5A shows a variation of Fig. 2B. The front 
end (at the left In the figure) of the plate-fite am 16 is 
pivotally supported on the pin bracket 1 3 by a pivot pin 
15. The rear end (at he right in the figure) of the arm 16 
is secured to a stationary bracket 76. The load sensor 
43 Is disposed between the seat rafl 11 and the station- 
ary bracket 76. When the seat Is loaded, the seat weight 
causes the arm 16 to pivot about the pin 15, applying a 
load to the load sensor 43. When the pivot connecting 
portion moves vertically, the arm 16 deflects with 
respect to the stationary bracket 7a Because the arm 
1 6 is shaped like a plate, it does not easily deflect longi- 
tudinally or laterally but deflects only vertically within a 
certain range. As a result, as with the arm pivotaBy sup- 
ported at both ends, the arm 16 can regulate the em- 
placement of the seat with respect to the car body, 
making it possible to selectively detect the vertical com- 
ponent of the load. With this construction, because a 
force vertically deflecting the arm 1 6 caused by the seat 
weight is distributed at a predetermined ratio to the load 
sensor 43, the seat weight can be determined from that 
ratio, though with accuracy slightly reduced. 
[0047] The point in which the embodiment of Fig. 5B 
differs from the embodiment of Fig. 5A is that a strain 
sensor 80 instead of the load sensor is integrally 
attached to the arm 16. The advantage of this construc- 
tion is it's capability to form the arm itself as a load 
receiving sensor plate or as a deflection and strain 
detecting sensor body of the load sensor mechanism. 
At the same time, the arm can work as a displacement 
restriction mechanism. 

[0048] Fig. 5C is a variation of the embodiment 
described by Fig. 4. What is different from the embodi- 
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ment of Fig. 4 is that the arm 71 is pivotally supported at 
its central part on a bracket 33 by a pivot pin 17. The 
front aid of the arm 71 is secured to a bracket 78 and 
the rear end to a pedestal 75. The strain sensor 80 is 
disposed between the central part (pivotally supported $ 
point) and the rear end of the arm 71 . When the seat is 
loaded, the arm 71 is pivoted counterclockwise about 
the pin 17 and deflects relative to the stationary portion. 
By transferring the seat load through the pivot at the 
central part of the arm 71, only the vertical deflection w 
component of the arm can be transmitted to the load 
sensor mechanism formed integral with the arm. 
[0049] For detecting a bending strain, the strain sen- 
sor 80 used here is placed on the upper surface or lower 
surface of the arm 16 as shown in Fig. 6A and, for is 
detecting a shearing force, the strain sensor 80 is 
placed on the side surface of the arm 16 as shown in 
Fig.6B. 

[0050] Fig. 7 is a side view showing the construction 
of a further embodiment of a seat weight measuring 20 
apparatus according to the invention. 
[0051 ] This embodiment has the following features. 

(1) Pivotal seat connecting mechanisms each 
including shaft pins 15, 17 and arm 81 are symmet- as 
rically disposed at the front and rear part of the seat 

rail 11; arm extension portions 83 extend from the 
both arms 81 toward the center; and a load sensor 
(sensor plate) 85 spans between the central side 
front ends of the arm extension portions 83. The so 
arm extension portions 83 are secured to the lower 
part of central side ends of the front and rear arms 
81 , extending parallel to the sensor base 19 toward 
the center. Central end portions 83a of the arm 
extension portions 83 are opposed to each other at ss 
a predetermined distance apart The central end 
portions 83a are bridged by the sensor plate 85 
which is placed on and rigidly secured to these end 
portions. The sensor plate 85 can be integrally 
formed with the arms. <0 

A deformation caused by a load acting on the 
seat rail 11 is conveyed to the sensor plate 85 
through the arms 81 and the arm extension por- 
tions 83. The deformation thus transmitted is 
detected by a strain gauge (not shown) attached to 46 
the sensor plate 85 to measure the load acting on 
the seat rail 11. This enables the front and rear 
loads acting on the single seat rail 1 1 to be summed 
up by the load sensor at one location, which in turn 
can reduce the number of parts used in the seat so 
weight measuring apparatus and thereby simplify 
the associated circuit. 

(2) The displacement restriction mechanism is con- 
structed as follows. When the front and rear arms 

81 are pivoted, their upper or lower surface 55 
engages the lower or upper surface of the pedestal 
13f, 33f of the pin bracket 13. 33. stopping the piv- 
oting motion. 



[00521 Fig. 8 is a side view showing a variation of the 
embocfiment of Fig. 7. 

[0053] The features of this embodiment of a seat 
weight measuring apparatus are as follows. 

(1 ) Arm extension portions 93 have a shock absorb- 
ing spring structure. That is, the arm extension por- 
tions 93 extend from the central side ends of the 
front and rear arms 91 toward the center. The arm 
extension portions 93 have one part thereof mean- 
dering up and down like bellows so that they are 
easily deformable also in the longitudinal direction, 
thus function as shock absorbing springs. Central 
side ends of the arm extension portions 93 are con- 
nected to ends of a sensor plate 95. The shock 
absorbing spring function of the arm extension por- 
tions 93 offers an advantage of increasing the verti- 
cal dspiacement without significantly deflecting the 
sensor plate 95. 

(2) The sensor plate 95 is secured at its central part 
by bolt 97 to a pedestal 99 rising from the sensor 
base 19. The sensor plate 95 is applied with a ten- 
sile or compressive force in addition to the vertical 
force from the both shock absorbing springs 93. 
When a force is applied that efts the seat ran 11, a 
resulting displacement is such that the front and 
rear pin brackets 33 on the sensor base 19 tend to 
move away from each other. On the other hand, 
when a force is appfl ed that pushes down the seat 
rafl 11, a resulting displacement is such that the 
front and rear pin brackets on the sensor base 19 
tend to move toward each other. This construction 
provides an advantage of absorbing the tensile or 
compressive force effecting around the seat rail 11, 
thus transmitting the vertical force to the sensor 
plate 95. 

(3) The displacement restriction mechanism has 
the similar construction to that of the front displace- 
ment restriction mechanism of Fig. 3. By arranging 
the displacement restriction mechanism (such as 
restriction rod 55), the pivot type seat connecting 
mechanism (such as shaft pins 15, 17 and arm 91) 
and the load sensor 95 longitudinally in series as 
shown in Fig. 8, it is possible to reduce the overall 
thickness of the seat weight measuring apparatus. 
In this embodiment, as in other embodiments, the 
seat rail and the sensor base may be interchanged 
in their positions. That is, the load sensor 95 and 
the associated components may be installed on the 
underside of the seat rail 1 1 . 
(5) The direction in which the seat is subjected to 
the greatest force at time of head-on collision is the 
longitudinal direction and the vertical direction, and 
this apparatus is structurally strong in these direc- 
tions. In the vertical direction in particular, the seat 
and the car body stationary portion are directly con- 
nected by the restriction portion only through the 
pivot shaft so the required strength of the arm and 
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the sensor can be lowered. In other words, the 
apparatus does not directly transfer stresses (hori- 
zontal load) other than the vertical seat weight to 
the load sensor. 

(6) Because the left and right load sensors can be 6 
formed integral with each other, the two sensors 
can easily be matched in terms of sensitivity and 
temperature characteristics and the parts count can 
be reduced. 

[0054] Fig. 9 is an exploded perspective view showing 
a detailed construction of a further embodiment of a 
seat weight measuring apparatus according to the 
invention. This figure shows only a front half (or rear 
half) of the apparatus. 

[0055] A pin bracket 103 is secured to the underside 
of an end portion of a seat rail 101 by bolts not shown. 
The pin bracket 103 is made by press-working a steel 
plate (high tension steel) with a thickness of 2.2 mm. 
The pin bracket 1 03 has aflat plate-like pedestal portion 
103d pressed against the underside of the seat rail 101 , 
and droop portions 103b protruding down from the left 
and right sides of a central part of the pedestal portion. 
The pedestal portion 103d is formed with bolt holes 
1 03a at its front and rear part for fixing the bracket The 
droop portions 103b have a pin hole 103c through which 
to insert a shaft pin 125. The droop portions 103b are 
assembled to damp the left and right outer sides of an 
arm 105, with the pin hole 103c of the pin bracket 103 
aligned with a hole 105a of the arm 105 to allow a shaft 
pin 1 23 to be inserted therein. 
[0056] The arm 1 05 is made of magnesium, aluminum 
or other appropriate material. While the arm 1 05 may be 
formed of a U-shaped steel plate as with the sensor 
base, rt is molded in this embodiment to reduce the 
overall thickness. The arm 105 has two front and rear 
pin holes 105a, 105b paraOelly extending laterally. The 
front pin hole 105a receives the shaft pin 123 and the 
rear pin hole 105b receives the shaft pin 125. 
[0057] The arm 105 has an arm extension portion 107 
on the rear side, which decreases in width and thick- 
ness toward the rear. A part of the arm extension por- 
tion 1 07 near the arm 105 is two-pronged. The rear end 
of the arm extension portion 107 is formed with a ring 
portion 107a, at the center of which a bolt hole 107b is 
formed. The ring portion 107a is fixed to the sensor 
plate 109 with bolt 111 and nut 113. Though not shown, 
another rear arm with an extension portion is arranged 
on the rear side of the sensor plate 109 (to the right on 
the far side in the figure). 

[0058] The sensor plate 1 09 is a strip member (made 
of stainless steel and measuring 2 mm thick by 10 mm 
wide by 60 mm long). The sensor plate 109 has strain 
gauges 119 attached to the upper (or lower) surface 
thereof which detect a tensile or compressive strain or a 
bending strain of the sensor plate 109. The sensor plate 
109 is formed with bolt holes 109a at the front and rear 
ends thereof which constitute connecting portions for 



the arm extension portions 107. The sensor plate 109 is 
formed at its central part with a hole 1 09b through which 
a bolt 1 1 5 is passed to fix the sensor plate 109 to a ped- 
estal 117 of a sensor base 121. The central portion of 
the sensor plate 109 protrudes to the left and right (to 
form widthwise expansion portions 109c). This portions 
1 09c are used for extracting sensor signals. 
[0059] The sensor base 121 is vertically opposed to 
the seat rail 101 and extends longitudinally. The seat 
weight measuring apparatuses are placed on the sen- 
sor base 121. The sensor base 121 is made of a high 
tension steel plate (High Tension Steel 60) 2.2 mm thick 
and is U-shaped in cross section with an open side 
directed upward, measuring about 400 mm long by 41 
mm wide by 20-25 mm high. The whole seat weight 
measuring apparatus is accommodated in this dimen- 
sion. Most part of the sensor base 121 is U-shaped in 
cross section, comprising a bottom plate 121c and side 
plates 121a. In this U-shaped cross section are installed 
the arms 105 and the sensor plate 109. The pedestal 
1 17 for fixing the sensor plate 109 is secured to the cen- 
tral part of the bottom plate 121c. 
[0060] The ends of the sensor base 121 are formed 
with downwardly inclined seat bracket fixing portions 
121e that are formed with bolt holes 1211 As shown in 
Fig. 9, the seat bracket fixing portions 121 e are fixBd to 
the seat brackets 21 by bolts (not shown). 
[0061] A side plate 121a ( , on the near side in the fig- 
ure, of the sensor base 121 is formed with pin holes 
1 21 b f at its end portions. Another side plate 121a on the 
far side is also formed with pin holes 121b at positions 
facing the pin holes 121b. A portion of the arm 105 
formed with the pin hole 105b is fitted on the inner side 
of these side plates 121a, 121a' at the pin holes 121b, 
121b'. Then, the hole 105b and the holes 121b. 121b* 
are aligned and the shaft pin 125 is inserted into these 
holes. Thus, the arm 105 is pivotally supported on the 
sensor base 121 by the shaft pin 125. The shaft pin 125 
has an integrally formed head 125a at the right end por- 
tion in the figure and a thread 125b at the left end por- 
tion. A nut not shown is screwed over the thread 1 25b to 
fix the shaft pin 125 to the sensor base 121. 
[0062] A nearest end portion of the far-side side plate 
121a has a vertically elongate slot 121d. A portion of the 
side plate where the slot 121d is formed is slightly 
shifted sideways. On the inner side of the 6lot 121d is 
situated the front pin hole 105a of the arm 105 with the 
droop portion 103b of the pin bracket 103 interposed 
therebetween. An end portion of the shaft pin 123 pass- 
ing through the pin hole 103c of the pin bracket 103 and 
the pin hole 105a of the arm 105 passes through the 
slot 121d. A thread 123b at the left end portion of the 
shaft pin 123 projects out of the slot 121d and is fas- 
tened with a nut 127. The nut 127 does not press 
against the side of the sensor base 1 21 . 
[0063] There is a gap between the shaft pin 1 23 and 
the slot 1 21d. so that when the arm 1 05 pivots about the 
pin hole 121b. the shaft pin 123 oscillates vertically in 
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the slot I21d. However, when the vertical gap 
decreases and the shaft pin 123 contacts the upper or 
lower end of the slot 12ld, the pivoting motion of the 
arm 105 is stopped. 

[0064] This construction enables the displacement s 
restriction mechanism to be formed requiring few addi- 
tional components. 

[0065] Fig. 10 is a perspective view showing a varia- 
tion of the sensor base. 

[0066] In Fig. 10. the slots 121d, 121cf are formed in 10 
both of the side plates 121a, 121a'. In this case, the 
ends of the shaft pin 125 passes through the two slots 
121d, 121d\ This arrangement is more robust because 
the motion of the shaft pin 125 is restricted at Hs both 2. 
ends. 16 
[0067] Fig. 1 1 is a side view showing the embodiment 
of a seat weight measuring apparatus of Rg. 9 assem- 
bled under the seat. 

[0068] The seat weight measuring apparatus is 
accommodated in the sensor base 121 and compactly 20 
assembled under the seat rail 111 without protruding 
out of the seat rail 1 1 1 either in the longitudinal or width- 
wise direction. The sensor base 121 is placed on and 
secured to the front and rear seat brackets 21. 
[0069] The present invention is not limited to the as 
embodiments described above but may be modified in a 
variety of ways in accordance with to a basic philosophy 
as defined by appended claims of the invention. 
[0070] As can be seen from the foregoing description, 
the invention has the following advantages and effects, so 

(1) Because the seat is connected to a car body by 
the seat connecting mechanism which includes a 
pivotable arm, the displacement of the seat relative 3. 
to the car body when the seat is loaded is regulated 35 

to some extent. Hence, the characteristic of the 
load acting on the load sensor is simplified, facilitat- 
ing the measurement of the weight of a passenger 4. 
on the seat. 

(2) When one set of load sensors is provided on 40 
each side of the seat the number of sensors and 
the number and length of the wires can be reduced. 

(3) The number of components can be reduced by 5. 
a variety of means, which include: constructing the 
displacement restriction mechanism in a conf igura- 46 
tion that restricts the displacement of the shaft pin 

of the pivot relative to the car body; or providing 
means for restricting the displacement of the shaft 
pin to a pivot connecting member, such as seat 
brackets and a seat rail so 6. 

Claims 

1 . A seat weight measuring apparatus for measuring a 
seat weight including a weight of a passenger sit- ss 
ting on an automotive seat, comprising: 

seat connecting mechanisms including arms 



for connecting the seat to seat fixing portions, 
the arms each having a seat side end thereof 
and a car body side end thereof, one end or 
both ends pivotaRy supported on pivots; 
load sensor mechanisms for receiving and 
detecting the seat weight applied between the 
car and the seat; and 

displacement restriction mechanisms for 
restricting displacement of the seat relative to 
the seat fixing portions within a predetermined 
range, the displacement mainly caused by a 
pivotal motion of the arms. 

A seat weight measuring apparatus for measuring a 
seat weight including a weight of a passenger sit- 
ting on an automotive seat, comprising: 

seat connecting mechanisms at four locations, 
front and rear on both lateral sides, including 
arms, the arms for connecting seat rails to seat 
fixing portions, the arms each having a seat 
side end thereof and a car body side end 
thereof, one end or both ends pivotally sup- 
ported on pivots; 

load sensor mechanisms for receiving and 
detecting the seat weight applied between the 
car and the seat rails; and 
displacement restriction mechanisms for 
restricting displacement of the seat rails with 
respect to the seat fixing portions within a pre- 
determined range, the displacement -mainly 
caused by a pivotal motion of the arms. 

A seat weight measuring apparatus according to 
claim 1 or 2, wherein the load sensor mechanisms 
receive the seat weight through the arms. 

A seat weight measuring apparatus according to 
claim 1. 2 or 3, wherein the load sensor mecha- 
nisms selectively receive and detect a vertical com- 
ponent of the seat weight bearing on the arms. 

An apparatus according to claim 1 , 2, 3, or 4, 

wherein the load sensor mechanisms each 
include a sensor plate for receiving a toad and a 
sensor body for detecting a deflection or strain of 
the sensor plate, and the sensor plates are inte- 
grally formed with the arms. 

An apparatus aocortfing to any one of claims 1 to 5, 
wherein the load sensor mechanisms each 
include a sensor plate for receiving a load and a 
sensor body for detecting a deflection or strain of 
the sensor plate, and the sensor plates integrally or 
separately connected to the arms connect together 
the arms of the front and rear seat connecting 
mechanisms at a center of the seat rail. 
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7. : A seat weight measuring apparatus according to 
any one of claims 1 to 6, wherein one set of the load 
sensor mechanism is provided on each lateral side 
of the seat, and the load sensors detect a total 
weight bearing on an entire left or right part of the 5 
seat. 

8. An apparatus according to any one of claims 1 to 7, 

wherein the displacement restriction mecha- 
nisms restrict displacements of shaft pins of the piv- 10 
ots relative to the car body or the seat. 

9. A seat weight measuring apparatus according to 
daim 7 or 8, 

wherein pivot connecting members such as 15 
seat brackets and seat rafts are provided with por- 
tions that restrict displacements of the shaft pins. 

10. An apparatus according to any one of claims 1 to 9. 

wherein the displacement restriction mecha- 20 
nisms are only provided near seat belt anchor fixing 
portions of the seat or seat rails, or only the dis- 
placement restriction mechanisms near the seat 
: belt anchor fixing portions are robust enough to 
have a breaking load of 2000 kgf or more. 2s 
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